Amyotrophic lateral sclerosis (ALS) is a rapidly progressing neurodegenerative disease resulting in paralysis and death within 3 years for more than half of patients.^[@R1]^ Although there are familial cases of ALS and both autosomal dominant and autosomal recessive transmission has been documented, 90--95% of cases are sporadic and of unknown etiology, and some role for environmental factors is suspected.^[@R1]--[@R3]^ Outside of age and male gender, however, nongenetic risk factors for ALS have been hard to identify, in part because of the lack of large-scale studies with prospectively collected data.^[@R2]^ One possible risk factor that has generated much interest, but for which the data are still limited, is military service. Two publications of Gulf War veterans suggested an increased risk among veterans deployed during the first Gulf War.^[@R4],[@R5]^ Later, the only prospective cohort study to address this issue found an increased risk for military service in general although Gulf War veterans were not part of the cohort.^[@R6]^

The prospective cohort study of the association between military service and ALS among veterans from earlier eras than the Gulf War found veterans to have a 53% increased rate of ALS that appeared largely independent of when a person had served.^[@R6]^ That study was based on the Cancer Prevention Study 2 cohort of volunteers recruited in 1982, and it remains the only general population cohort study of this issue, and the only one to consider service other than during the first Gulf War. To explore this question in a large, United States-representative population, we examined the association between military service and risk of ALS among participants in the National Longitudinal Mortality Study (NLMS). The NLMS comprised a random sample of the noninstitutionalized U.S. population and includes more than 2.4 million men and women recruited between 1973 and 2002.

METHODS
=======

Study Population
----------------

The NLMS is based on a combined multistage stratified probability sample of the civilian noninstitutionalized population of the United States.^[@R7],[@R8]^ It consists of U.S. Census Bureau data from Annual Social and Economic Supplements that cover the period from March 1973 to March 2002 and Current Population Surveys (CPS)^[@R9]^ for February 1978, April 1980, August 1980, December 1980, and September 1985, and one 1980 Census cohort.^[@R7],[@R8],[@R10]^ Each survey is a national stratified cluster sample of households surveyed to obtain demographic, economic, and social information about the U.S. population with particular emphasis on employment, unemployment, and other labor force characteristics. The surveys were conducted by personal and telephone interview and have a response rate of approximately 96%. A subset of participants in each CPS year are included in NLMS. There are 1,132,094 men and 1,226,171 women in the NLMS through 2002. To better ensure that NLMS participants who served in the military would have done so by the time of their survey, we restricted the population to the 703,142 men and 799,506 women who were 25 years old or more at the time of the survey. This age cutoff also would make it more likely that participants' data on other factors like education or smoking would reflect their status in adulthood. Among these participants, 6,399 (0.9%) men and 406,935 (50.9%) women did not respond to the question about military service yielding final analytic sample sizes of 696,743 men and 392,571 women. This work was approved by the Institutional Review Board of the Harvard School of Public Health. The surveys used in the NLMS are undertaken to characterize the U.S. civilian, noninstitutionalized population in terms of demographics and employment. Participation is voluntary, and subjects are informed that their data may be linked with other Census data or external data and are provided with the option to opt-out of any data linkage.

Exposure Assessment
-------------------

Surveys are conducted with the head of the contacted household or responsible adult (reference person) who responds for all members of the household. Respondents were asked whether or not each household member had served in the U.S. military and the period of their service: World War I, World War II, Korean War, Vietnam era (if service during more than one of these periods was indicated, then the latter one was recorded), or other period. Additional covariates considered were age, sex, race/ethnicity (non-Hispanic white, non-Hispanic black, Hispanic, non-Hispanic other), education (less than high school, high school, some college, college, postgraduate), percent poverty (≤200%, 201--300%, 301--500%, \>500%), marital status (married or not), and home ownership (own home or rent). Percent poverty is the ratio of actual family income to the poverty threshold income defined by the number of people in the household. Smoking data were considered separately because it was only asked on 6 of the surveys. Because of the smaller data size for smoking and the fact that quantity was not updated after the initial questionnaire, we considered smoking as a dichotomous (ever/never) variable.

Case Ascertainment
------------------

Specific cause of death mortality follow-up information for the NLMS was collected by computer matching its records to the National Death Index (NDI) for the years 1979 through 2002.^[@R11]^ The NDI, a national file containing information collected from death certificates, is maintained by the National Center for Health Statistics, Hyattsville, MD.^[@R12]^ Because the NDI began in 1979, deaths for NLMS records occurring between 1973 and 1978 were removed from the NLMS using Social Security Administration (SSA) information, which do not include cause of death and therefore cannot be used to determine ALS mortality. NLMS cause of death information was obtained directly from the NDI and coded using the International Classification of Diseases, 9th Revision (ICD-9; deaths before 1999) or 10th Revision (ICD-10; deaths after 1998).^[@R13],[@R14]^ Deaths from ALS were defined as ICD-9 code 335.2 or ICD-10 code G12.2 as either the underlying or a contributing cause of death.

Statistical Analysis
--------------------

We used Cox proportional hazards modeling for variable entry and censor times with age as the time metameter to estimate adjusted hazard ratios (HR) and 95% confidence intervals (CI) for ALS mortality. Age at start and end of follow-up was indicated in years. Additional adjustments were made by including other variables in the model. Participants contributed follow-up time from the time of their survey or, for those surveyed before 1979, 1 January, 1979 (the start of electronic NDI data) until the time of death or the last date of NDI linkage. We created missing data indicators for the small amount of missing data (\<4.5% for any variable). All models were checked to insure that they met the proportional hazards assumption using the test statement of the SAS PHREG procedure. We used logistic regression to estimate odds ratios for smoking by military service variables to examine the extent to which smoking was likely to confound our results. All analyses were conducted using weighted data. Initially, each CPS survey is weighted for over and under sampling by age, sex, race, Hispanic origin, and state of origin to represent the U.S. noninstitutionalized population in the year of the CPS survey. Because for each CPS year, only a subset of the original CPS is included in the NLMS, the records for each NLMS CPS year are reweighted to reflect that year's U.S. noninstitutional population. Then, because the NLMS CPS sample sizes differ, when various NLMS CPS samples are combined for analysis purposes, the NLMS CPS record weights are readjusted to account for the size of each NLMS CPS file. In this way, the NLMS maintains the representativeness of the U.S. noninstitutionalized population when combining NLMS CPS years of varying sizes. Weights are then scaled to reflect the final sample size of the records involved in an analysis so that the program will be able to generate valid, model-based, variance estimates of parameters.

We performed several sensitivity analyses. To include more NLMS participants, we also included those who were ages 18--24 years at the time of the survey. To minimize prevalent ALS cases, we excluded the first 5 years of follow-up. To maximize correct capture of ALS on the death certificate, we limited follow-up to age 75. To minimize data reporting errors, we restricted to the household reference person. To minimize confounding, we also ran analyses restricted to non-Hispanic whites and to those with more than a high school education, and we ran analyses with adjustment for marital status and home ownership to better capture socioeconomic status. We also adjusted for smoking status in analyses among the subset with smoking data. All analyses were conducted with SAS version 9.1 (Cary, NC).

RESULTS
=======

Among the 696,743 male and 392,571 female NLMS participants at least 25 years of age at their recruitment and who responded to the military service question, we identified 375 ALS deaths among men and 96 among women in 9,044,064 person-years of follow-up among men \[mean = 13.0 years per person, standard deviation (SD) = 7.6\] and 3,204,464 years of follow-up among women (mean = 8.2 years per person, sd = 5.1). The mean age of the full population of men at recruitment was 47 years (sd = 16), and the mean age of women was 49 years (sd = 17). The ALS mortality rates among men and women in this population peaked in the 75--84 years of age range (Figure). Compared with men and women who did not serve in the military, slightly more of those who served were non-Hispanic white, had higher income, and were more likely to have never been married (Table [1](#T1){ref-type="table"}). Men who served tended more often to own their home, and women who served tended to be more educated than those who did not. Among men who served in the military most served during World War II, whereas most women who served did so outside of the periods of the World War I, World War II, Korea, or Vietnam eras. Among NLMS participants with military data, there were 150,579 deaths from any cause among men and 35,317 among women. After adjusting for race, education, and poverty the overall (not ALS only) mortality rate of veterans compared with nonveterans was slightly elevated among men (HR: 1.06; 95% CI: 1.05, 1.07) and women (HR: 1.08; 95% CI: 0.99, 1.19).
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Among the 375 men who died from ALS, 221 were among men who served in the military and 154 among those who did not. The age-adjusted HR for ALS among men who served in the military compared with those who did not was 1.33 (95% CI: 1.07, 1.65; Table [2](#T2){ref-type="table"}). Additional adjustment for race, education, and percent poverty reduced the HR somewhat (1.23; 95% CI: 0.98, 1.53). When considering service during specific periods, the increased rate of ALS was largely restricted to those who served during World War II among whom the HR was 1.47 (95% CI: 1.13, 1.91) although the rate among Korean War era veterans was slightly elevated, and there were too few who served during World War I to estimate an HR for this group (Table [2](#T2){ref-type="table"}). This general pattern held for women as well although there were fewer women and so much wider CI. The adjusted HR for ALS among women who served in the military (n = 2 ALS deaths, both among World War II veterans) compared with those who did not (n = 94 ALS deaths) was 1.26 (95% CI: 0.29, 5.59). The estimates for specific periods were inestimable for all periods except World War II, for which the HR was 2.03 (95% CI: 0.45, 9.05). In analyses that combined men and women, the age, sex, race, education, and percent-poverty adjusted HR for military service was 1.20 (95% CI: 0.97, 1.50), and only service during World War II was elevated without the 95% confidence interval (95% CI) including 1 (HR: 1.39; 95% CI: 1.08, 1.79).
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We performed several additional sensitivity analyses. In analyses that assumed women who did not respond to the military service question had in fact not served, the results were essentially the same (HR: 1.26; 95% CI: 0.29, 5.42). Sensitivity analyses among men are shown in Table [3](#T3){ref-type="table"}. Results were largely unchanged in analyses that included those ages 18--24 at the time of survey or excluded the first 5 years of follow-up for all participants to exclude those who may have had ALS at the time of the baseline survey. Results were also similar when limiting follow-up to age 75 or the period of ICD-9 use (through 1998); restricting to non-Hispanic whites, to the household reference person, or to those with more than a high school education; or when additionally adjusting for marital status and home ownership.
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![](ede-26-831-g004)

Tobacco use questions were asked of only a subset of NLMS participants. Among this subset (n = 159,789), those who served in the military were just more than 2 times as likely to smoke cigarettes as those who did not serve in the military, and this was largely independent of which period they served, with World War II veterans smoking somewhat less than Korean or Vietnam era veterans (Table [4](#T4){ref-type="table"}). Although the number of ALS deaths (n = 53) was small among the subset with smoking data, the military--ALS association results were similar but with larger confidence intervals. When adjusting for smoking as well as race, education, and percent poverty the HR for ALS among those who served in the military was 1.06 (95% CI: 0.59, 1.90) and for service during World War II was 1.57 (95% CI: 0.73, 3.39). Without adjusting for smoking among this same subset of NLMS participants, the HRs were 1.09 (0.61, 1.95) and 1.61 (0.75, 3.48), respectively.

###### 

Adjusteda Odds Ratio (OR) and 95% CI for Smoking by Military Service Among Men

![](ede-26-831-g005)

DISCUSSION
==========

In this prospective study of a U.S. representative population, we found an increased rate of ALS mortality among those who served in the military that was robust to several sensitivity analyses. The age- and sex-specific rates of ALS mortality in this population are comparable with U.S. national mortality statistics,^[@R15],[@R16]^ as expected, and are slightly shifted to older ages compared with typical incidence rates^[@R3]^ as expected given the time interval between incidence and death. The period of service among the men in our study was weighted toward the World War II era although the NLMS includes veterans of the Korean and Vietnam eras as well, and World War I, although the number with service during World War I was too small to draw inferences. Because NLMS recruitment continued through 2002, some of our population may have served in the first Gulf War, although this would be a much smaller percentage and participants were not specifically asked about service during that period. The excess risk of ALS that we found seemed specific to those who had served in World War II, although the risk among Korean War era veterans was slightly, but not statistically, elevated. The World War II era veterans by definition had the longest follow-up and the Korean War era veterans the next longest, so it remains possible that with further follow-up, increased rates could be seen among veterans of periods other than World War II. The pattern of results appeared similar for men and women, although there were very few women in the NLMS who served in the military, so the results among women must be viewed with caution.

Initial reports suggested that veterans who had been deployed to the Gulf were about twice as likely to develop ALS as either nondeployed veterans of the Gulf^[@R4]^ or the general U.S. population.^[@R5]^ Critiques of these studies were raised, particularly related to possible underascertainment of ALS,^[@R17],[@R18]^ although a subsequent paper explored this issue and concluded that the underascertainment would have had to be rather large to have accounted for the original findings.^[@R19]^ However, one subsequent report suggested that the increased risk of ALS among the veterans was limited to about a decade after deployment,^[@R20]^ and another found no increase in ALS mortality among veterans of the first Gulf War in analyses that looked at 13 years of follow-up.^[@R21]^

The association with military service in general was addressed in the Cancer Prevention Study 2, a volunteer cohort that included more than 500,000 men recruited in 1982 among whom essentially all military service was before the Gulf War.^[@R6]^ Those who served were found to be at 53% increased risk of ALS. The increased risk appeared largely independent of the war period of service, although the elevated risk for service during World War II (1.60; 95% CI: 1.12, 2.30) was slightly larger and had a narrower CI than for those who served during the Korean War (1.54; 95% CI: 0.92, 2.60) or the Vietnam War (1.44; 95% CI: 0.47, 4.47). The volunteer nature of the Cancer Prevention Study 2 study has been raised as a concern,^[@R22]^ although as the recruitment was before ALS, it is not straightforward to see how an association would be created where one did not exist.^[@R23]^ One other study found no increased risk of ALS among French military personnel.^[@R24]^ However, case ascertainment was limited to those still active and receiving military healthcare, and thus, many cases may have been missed thus biasing rates downward.

Our current findings are generally consistent with those of the Cancer Prevention Study 2 except that we found a weaker association among Korean War veterans and no association among Vietnam veterans despite more ALS deaths in that group in the NLMS than in the Cancer Prevention Study 2 cohort. Characteristics of the 2 populations differed somewhat, with the Cancer Prevention Study 2 population being about 10 years older at baseline, more predominantly white, and with more education than the NLMS population. However, our results did not indicate much difference in rate of ALS when stratified on these factors in the NLMS. so it would seem unlikely that these differences would explain the differences by service period. The Cancer Prevention Study 2 analysis also only included deaths through 1998 and thus coded with ICD-9. Although differences in case identification with ICD-10 are possible, this did not seem to account for our findings because results were similar when restricted to deaths coded with ICD-9.

In contrast to the studies that focused on veterans of the Gulf War, but similar to the Cancer Prevention Study 2 study, in the NLMS, service during different war periods was inferred from dates of service, and we did not have data on actual deployment during military service. Thus, if some aspect of deployment is related to increased risk of ALS, results in our study would have been attenuated because nondeployed veterans were combined with those who were deployed. An additional limitation of our study---similar to that of the Cancer Prevention Study 2---was that follow-up was limited to mortality data. However, because survival with ALS is very short,^[@R3]^ mortality is thought to be a reasonable surrogate for incidence.^[@R25]^ Death certificate data have been estimated to accurately identify roughly 70--90% of ALS or motor neuron disease cases.^[@R26],[@R27]^ Although a small number of ALS cases in the NLMS may have been missed, this would be unlikely to bias the risk estimates unless the misclassification was strongly related to military service (or a given subgroup of interest). These are unlikely scenarios given the dramatic nature and time course of ALS. Furthermore, in analyses restricting follow-up to age 75, the results were similar. At these younger ages, the diagnosis of ALS is much more certain and thus even more likely to be equal across exposure variable groups.^[@R28],[@R29]^ Relying on mortality, however, does mean we cannot distinguish associations with incidence and those with survival. Our findings could also be explained by decreased survival with ALS among those who served in the military, particularly during World War II. We also cannot completely exclude the possibility that the higher rate among the earlier veterans relates to better health care and thus better ALS identification, among veterans of earlier eras compared with the general population. However, such a difference might be expected to be minimized among the more highly educated, yet our results were slightly stronger when restricted to NLMS participants with higher education levels. Lastly, NLMS data are limited to that obtained from the reference person for others in the household. In general for occupational and demographic data, studies have found surrogate responses to be very reliable with little systemic bias,^[@R30]--[@R32]^ but some error still could occur. This would likely be nondifferential and so bias results toward the null. Furthermore, results of our sensitivity analysis just among the reference people were virtually unchanged from the main analysis.

An additional limitation is the very limited data on cigarette smoking. There is some evidence that cigarette smoking is associated with an increased risk of ALS, although inconsistencies in the literature still exist including several studies that show no association among men.^[@R33]--[@R38]^ There is a strong association between military service and cigarette smoking that is seen in our data, which leaves open the possibility of some uncontrolled confounding by smoking. In the smoking-adjusted analyses, the results for any military service are reduced from the main analyses, whereas the results for World War II are not much different. However, neither result is much different from results among the same NLMS subset, but not adjusted for smoking. Thus, the lower effect estimate for any military service is likely more the result of fluctuation as a result of a much smaller sample size. Also arguing against confounding by smoking is that the greater smoking among military personnel was virtually the same across periods of service and if anything slightly less among those who served during World War II than those who served during the Korean and Vietnam Wars. Thus, if smoking were confounding our findings, it would be expected to create an association with service during the Korean and Vietnam Wars as well as World War II, which we did not see. Thus, confounding of our results by cigarette smoking seems unlikely.

Major strengths of our study include the very large size, and that it is a U.S. representative population. As such, our findings add strong weight to the association between some aspect of military service and the risk of ALS, although it cannot determine what the causative factor or factors are. Possibilities raised for etiologic factors in the prior studies of veterans have included neurotoxic agents during the Gulf War,^[@R4],[@R5]^ including possibly cyanobacterial toxins such as beta-*N*-methylamino-[l]{.smallcaps}-alanine (BMAA)^[@R39]^ or exposures more common to many military eras such as the insect repellant *N*,*N*-diethyl-*m*-toluamide (DEET), exposures to lead, other chemicals, traumatic brain injury, viral infections, or strenuous activity.^[@R40]--[@R42]^ If the results of our study are to be taken at face value, identification of exposures specific to the World War II era should be a priority.
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